Physics 137B (Professor Shapiro) Spring 2010

GSI: Tom Griffin

Homework 11 Solutions

1. (a)
do 9
-q = IO
= |a+bcosf|
= la|? + 2Re(ab) cos O + |b|* cos® 6
o = /dQ(|a|2+2Re(ab) cos @ + |b|? cos® 0)

27r/_

Am(lal* + [b*/3)
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(b) The wavefunction must be symmetric under interchange of the two par-

ticles (i.e.  — (m —

do
dS)

0)), so

|£(0) + f(m = O)I*
la +bcosd + a+ beos(m — 0)?
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167|al?

(c) We must average over the four possible orthogonal initial states in an



unpolarized beam (three triplet states and one singlet state).

do 3 o 1 2
5 = MO Fr—0F+1f0)+ f(x - 0)

3 1
= Z|2b0080|2+1|2a|2
= 3|b]*cos® O + |af?
- /dQ(3|b|2c0329+|a|2)

1
= 27r/ d(cos ) (3|b]* cos® 6 + |al?)

1
— dn(|a + |bP)

(d) Both spins are +1/2, so the particles are in the triplet state.

do :
= 15(6) ~ f(x —6)]

= [2bcosd)?
= 4|b|? cos® 0
;= /dQ(4|b|200520)
1
= 27T/ d(cos ) (4]b|* cos® 0)

1

= 167[b|*/3

2. The scattering cross-section in the Born approximation for any process (elas-
tic or inelastic) is given by:

do m

a0 - <27Th2

k
PP Vers (@)

where V,s4(q) = L < f|V]i >, §= k:_} — k; and k¢ is always such that energy
is conserved.
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(a) |i >= |k; > | T> |0 > where |k; >= and |f >= |k > | 1> 10 >

ikf-r
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where |k; >=



Vepr(a) = LP < fIV]i >
= L* <kl <t|<O0RK> 6(F—r)S- Slk; > [ 1> [0 >
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= 2KL*Y " < kfl(F — )|k ><115] 1> - < 0][0 >

- ng/di%fe—w"fa(f— 7)<t 811> - < 0/Sjl0 >
o h

= QKZe (A < 0|S;]0 >

= KhZe 975 < 0]9,.]0 >
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and ky = k;, so:
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b) i >= |k; > | 7> |0 > where |k; >= and |f >= |k, > | |> |1 >
(b) | | IT'kI | NiE |f>=lky > [ 1> |
ez £ r
where |k >= )
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Veprla) = L2 < fIV]i >
= LP <kl < | <12KY 6(F—75)S- Sjlk; > [ 1> |0 >
J
= 2KL*Y " < ky|o(F — 77|k ><| |S] 1> - < 1|50 >

- Ky [ TS - ) <L) 1> - < U)o >
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where S;, := Sj, + 1S, and ky = \/kZ — QmA/hQ, with A := F; — Ej.

So:
do m o\ k’LQ - 2mA/h2 o
= G KR e <0150 > P
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